Glycosylphosphatidylinositol-anchored proteins (GPI-APs) play crucial roles in various processes in 1 4 eukaryotes. In Arabidopsis, SKS1, SKS2, SKS3 and SKU5 from SKU5/SKS gene family could encode GPI-1 5 anchored proteins, and they were recently reported to regulate cell polar expansion and cell wall synthesis 1 6 redundantly in roots. Here, we report that, they are also redundantly crucial for seed production and seed 1 7 morphogenesis in Arabidopsis through regulating maternal integument development. Their loss-of-1 8 functions resulted in disrupted development of integuments that failed to protect embryo sacs from 1 9 exposure to external space due to physical restriction, and lead to female gametophytic abortion.
INTRODUCTION

0
In eukaryotes, various protein precursors could be modified during maturation in endoplasmic reticulum 1 4 2 Fig2. Defective ovules generated by gpi-sku5/sks mutants with false colors. Ovules were collected from just flowering siliques 1 4 3 from (A) wild-type; (B) sks1,sks2,sks3,sku5 that failed to form an embryo sac; (C) sks1,sks2,sks3,sku5 that generated an aberrant 1 4 4 embryo sac; (D) sks1,sks2,sks3 that failed to form an embryo sac; (E) sks1,sks2,sks3 that generated an aberrant embryo sac; (F) 1 4 5 sks1,sks2,sks5; (G) sks1,sks3,sks5; and (H) sks2,sks3,sks5. To better visualized, inner integuments are colored in yellow, and outer 1 4 6 integuments are colored in purple; bar: 50µM. (I) Proportion of ovules with embryo sac formation failures generated by various 1 4 7 combinations of sku5/sks mutants. N=3 siliques, and the standard error bars were indicated. 1 4 8 1 4 9 2 3 8 proteins in seed production and seed morphogenesis through regulating integument development.
3 9
Defective integument generated by gpi-sku5/sks mutants 2 4 0 Through our genetic and microscopy analyses, both drastic decrease of seed production resulting from 2 4 1 ovule abortion and aberrant seed morphogenesis resulting from defective seed coat formation found in gpi-2 4 2 sku5/sks mutants were determined to be due to irregularly developed integument. In those mutants, both 2 4 3 inner and outer integument were affected, however, defective outer integument, which was supposed to 2 4 4 cover the inner integuments, to enclose the embryo sac and to shape the ovules, contributed more in this 2 4 5 process. It made inner integument growing symmetrically, and embryo sac exposing to external space, 2 4 6 which resulted in loss of female gametophytic due to physical restriction and consequent ovule abortion.
4 7
Interestingly, those less affected ovules could be fertilized and develop into seeds, however, mis-2 4 8 localization of embryos, or insufficient seed coat that both due to defective integuments would result in 2 4 9 post-embryonic abortion or aberrant seed morphogenesis. Here, our study clearly demonstrated the crucial 2 5 0 roles GPI-SKU5/SKS genes played during integument development, and how they affected seed production 2 5 1 and morphogenesis in Arabidopsis. In gpi-sku5/sks mutants, defective integuments seemed due to their disturbed cell polar expansion (Coen 2 5 7 and Magnani, 2018; Endress, 2011; Enugutti et al., 2012; Enugutti and Schneitz, 2013; Gaiser et al., 1995;  2 5 8 Scholz et al., 2019) , where cells from both inner and outer integument seemed shorter, thicker, and 2 5 9 aberrantly shaped. It largely disturbed their elongation and extension, where GPI-SKU5/SKS played 2 6 0 redundant roles and SKS1 made significant contribution. The same redundancy and significant contribution 2 6 1 of SKS1 in root cell polar expansion were reported by us recently, which exhibited similar shorter, thicker 2 6 2 and aberrantly shaped cells (Zhou, 2019c).
6 3
But surprisingly, to our knowledge, none of gene has been reported to interfere polar expansion on both 2 6 4 root and integument cells besides a series of MAPK components, YODA(MAPKKK)-MEK4/5(MAPKK)-2 6 5 MPK3/6(MAPK) cascade. And interruption of this cascade resulted in similar defective polar expansion in 2 6 6 both roots and integuments (Bush and Krysan, 2007; Lopez-Bucio et al., 2014; Smekalova et al., 2014;  2 6 7 Wang et al., 2008; Wang et al., 2007; Zhang et al., 2017) .
6 8
The potential involvement of GPI-SKU5/SKS proteins in signaling pathway 2 6 9
As been reviewed recently, GPI-Anchored Proteins in Arabidopsis broadly participate in various biological 2 7 0 processes, including signaling transduction through associating with cell surface receptors and/or 2 7 1 extracellular ligands, to mediate developmental processes, stress and immune response, and so on (Zhou, 2 7 2 2019b). Interestingly, SKU5 was reported to directly interact with the synthesized functional Carboxyl-2 7 3 terminal region of Auxin Binding Protein 1 (Shimomura, 2006) , that was recently believed to be a potential 2 7 4 extracellular ligand that could bind Auxin and mediate extracellular auxin signaling through binding auxin 2 7 5 and being recognized by cell surface reporter TMK1, then activate quick auxin response (Cao et al., 2019;  2 7 6 Xu et al., 2014) . Additionally, exogenous auxin could rapidly activate YODA(MAPKKK)-2 7 7 MEK4/5(MAPKK)-MPK3/6(MAPK) cascade (Mockaitis and Howell, 2000; Pillitteri et al., 2007;  2 7 8 Smekalova et al., 2014) , of which interruptions were reported to exhibit similar defective roots and 2 7 9 integuments as gpi-sku5/sks mutants.
8 0
Altogether, GPI-SKU5/SKS associate with Auxin-related extracellular polypeptide/ligand ABP1, which 2 8 1 could be recognized by cell surface receptor kinase TMK1 and activate intracellular signaling components; SKU5/SKS genes in reproductive organs based on microarray data from AtGenExpress Visualization Tool (AVT), were shown.
9 5
Different genes were show with different colors, different developmental stages were shown at X-axis and the relative expression 2 9 6 levels were shown at Y-axis. A  I  N  T  E  G  U  M  E  N  T  A  ,  a  n  A  P  E  T  A  L  A  2  -l  i  k  e  g  e  n  e  o  f  A  r  a  b  i  d  o  p  s  i  s  w  i  t  h  3  3  6  p  l  e  i  o  t  r  o  p  i  c  r  o  l  e  s  i  n  o  v  u  l  e  d  e  v  e  l  o  p  m  e  n  t  a  n  d  f  l  o  r  a  l  o  r  g  a  n  g  r  o  w  t  h  .  P  l  a  n  t  C  e  l  l  8  :  1  5  5  -3  3  7  1  6  8  .  3  3 
